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Description 



HIGH-FREQUENCY DEVICE 

Cross-Reference to Related Applications 

[0001] This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 
2003-426204, filed on December 24, 2003, the entire 
contents of which are incorporated herein by reference. 
Background of the Invention 

1 . Field of the Invention 

[0002] The present invention relates to a high-frequency device 
in which a high-frequency circuit is integrated on a semi- 
conductor chip, more particularly to a high-frequency de- 
vice whose size is decreased by using a chip sized pack- 
age and high-frequency characteristic is improved. 

2. Description of the Related Art 

[0003] Wide spread of portable communication apparatuses cre- 
ated a demand for low-cost, compact and highly func- 
tional devices which are to be mounted thereupon. There 



are high-frequency devices that use a silicon substrate in 
order to reduce cost. It was suggested to form high- 
frequency circuits on a silicon substrate rather than on 
more expensive gallium-arsenic substrate of the conven- 
tional type. Furthermore, a chip sized package or chip 
scale package (CSP) is used to decrease the size. A chip 
sized package has a structure in which a sealing electri- 
cally insulating layer composed of a resin such as a poly- 
imide is formed by a mold molding method on a semicon- 
ductor chip substrate, thereby sealing the semiconductor 
chip. In such a structure, the package size is the same as 
the chip size and high-density mounting is possible. A 
highly functional device is obtained by forming a receiving 
circuit and a transmitting circuit in the same semiconduc- 
tor chip, and transmission and reception of high- 
frequency signals, modulation and demodulation of the 
signals, and processing of base band signals can be con- 
ducted in a single chip. Therefore, various high-frequency 
signals pass through input and output terminals of a sin- 
gle chip and high-frequency characteristics at the input 
and output terminals have to be taken into account. 
[0004] A flip chip bonding (FCB) method has been suggested as a 
method for miniaturizing semiconductor devices. The flip 



chip bonding method represents a technology by which a 
plurality of solder balls are provided as input and output 
terminals on the surface of a semiconductor chip and the 
semiconductor chip is bonded to a package substrate via 
those solder balls, thereby making it possible to connect a 
large number of input and output terminals of the chip to 
the terminals of the package substrate, without using wire 
bonding, and to decrease the package size accordingly. 
[0005] A variety of methods have been suggested for increasing 
the high-frequency characteristics of input and output 
terminals in semiconductor devices using such a flip chip 
bonding method. Examples of those methods are de- 
scribed in Japanese Patent Applications Laid-open No. 
H09-306917, HlO-64953, and 2002-313930. Japanese 
Patent Application Laid-open No. H09-306917 described 
a structure in which, among the pads where solder bumps 
are formed, the surface area of high-frequency input and 
output pads which are used for inputting and outputting 
high-frequency signals is made small, whereas the sur- 
face area of other pads which are not used for inputting 
and outputting high-frequency signals is made large. In 
this structure, decreasing the surface area of high- 
frequency input and output pads which are used for in- 



putting and outputting high-frequency signals mal<es it 
possible to decrease the parasitic impedance to the semi- 
conductor substrate and to reduce the signal loss. 

[0006] Japanese Patent Application Laid-open No. HlO-64953 
describes that when electrically conductive connection 
terminals called electrically conductive pillars are formed 
on a GaAs semiconductor substrate, the correlation be- 
tween the opening diameter and the height of the connec- 
tion terminals in a plating process is employed, short 
connection terminals are formed by reducing the opening 
diameter, long connection terminal are formed by in- 
creasing the opening diameter, and the heights of the 
connection terminals of the two types are adjusted. As a 
result, short connection terminals with a low resistance 
can be formed, and the impedance and capacitance of the 
connection terminals of a high-frequency semiconductor 
chip can be reduced. 

[0007] Japanese Patent Application Laid-open No. 2002-313930 
describes a semiconductor device obtained by flip chip 
bonding using a ball grid array, wherein shielding wiring 
layers connected to a reference potential are formed 
above and below a metal wiring, and a strip line structure 
is formed to obtain a constant characteristic impedance of 



the metal wiring where a high-frequency signal propa- 
gates. 

[0008] The above-described Japanese Patent Applications Laid- 
open No. H9-306917, HlO-64953, and 2002-313930 re- 
late to flip chip bonding by which chips are bonded inside 
a package and the package size is larger than the chip 
size. Therefore, from the standpoint of miniaturization, 
the configurations of the above publications are different 
from that of the chip sized package. 

[0009] An example of a chip sized package is described in 

Japanese Patent Application Laid-open No. 2003-243570. 
In this example, a sealing resin layer composed of a 
polyamide is formed on a semiconductor substrate, posts 
for input and output terminals are formed inside the seal- 
ing resin layer, and an impedance matching circuit of in- 
put/output terminals is formed by forming an inductor el- 
ement on the interface of the semiconductor substrate 
and the sealing resin layer. Because the package state is 
obtained by forming a sealing resin layer on the surface of 
a semiconductor chip, the size can be reduced comparing 
to that of the package of a flip chip type, and a compact 
semiconductor device that can be installed in portable 
communication devices can be effectively obtained. 



[0010] Thus, chip sized packages have an advantage over the flip 
chip packages in terms of miniaturization. However, the 
sealing electrically insulating layer or resin layer having a 
sealing function are much thicker than the multilayer 
wiring layers on the chip surface, the height of the electri- 
cally conductive posts formed in the resin layer becomes 
rather large, and the characteristics relating to high- 
frequency signals are seriously degraded. Of the high- 
frequency signals, with respect to low-power high- 
frequency signals, a configuration is required which allows 
the degradation of the loss characteristic thereof to be 
avoided, and with respect to high-power high-frequency 
signals, a configuration is required which has a sufficient 
current supply capability in addition to the loss character- 
istic. Furthermore, coupling of a high-frequency circuit on 
the mounting substrate with a high-frequency circuit on 
the semiconductor chip should be suppressed for a higher 
frequency band. 
Summary of the Invention 

[0011] Accordingly, it is an object of the present invention to 

provide a high-frequency device whose size is decreased 
by using a chip sized package and high-frequency char- 
acteristic is improved. 



[0012] In order to attain the aforementioned object, in accor- 
dance witli tlie first aspect of the present invention, there 
is provided a high-frequency device comprising: 

[0013] a semiconductor substrate; 

[0014] a high-frequency circuit layer formed at a surface of the 
semiconductor substrate and including a circuit element 
and a multilayer wiring layer; 

[0015] a plurality of electrically conductive pads formed on the 
high-frequency circuit layer and connected to an input 
and an output of high-frequency circuit and to a power 
source; 

[0016] a plurality of rewiring layers formed on the high-fre- 
quency circuit layer via a first electrically insulating layer 
and respectively connected to the plurality of electrically 
conductive pads; 

[0017] an electrically insulating sealing layer which is formed on 
the first electrically insulating layer and the rewiring layer 
and has a thickness larger than that of the multilayer 
wiring layer; 

[0018] a plurality of mounting connection terminals which are 
provided on the electrically insulating sealing layer and 
correspond to the plurality of electrically conductive pads; 

[0019] a plurality of electrically conductive posts provided inside 



the electrically insulating sealing layer and between the 
rewiring layer and the mounting connection terminals, 
wherein 

[0020] the high-frequency circuit of the high-frequency circuit 
layer includes an input amplifier for amplifying a high- 
frequency reception signal inputted from the electrically 
conductive post corresponding to the input and a power 
output amplifier for amplifying a high-frequency trans- 
mission signal and outputting the same from the electri- 
cally conductive post corresponding to the output, and 
further 

[0021] a first electrically conductive post corresponding to the 
power source has a first diameter; 

[0022] a second electrically conductive post corresponding to the 
input of the input amplifier has a second diameter which 
is less than the first diameter; and 

[0023] a third electrically conductive post corresponding to the 
output of the power output amplifier has a third diameter 
which is larger than the second diameter. 

[0024] The device of the preferred embodiment of the above- 
described first aspect comprises a first shielding layer 
provided on the high-frequency circuit layer, below the 
second or third electrically conductive post, and con- 



nected to a fixed potential. 

[0025] The device of tlie preferred embodiment of tlie above- 
described first aspect comprises a second sliielding layer 
which is an upper layer portion of the high-frequency cir- 
cuit layer, provided below an electrically conductive pad 
connected to the second or third electrically conductive 
post, and connected to a fixed potential. 

[0026] In order to attain the aforementioned object, in accor- 
dance with the second aspect of the present invention, 
there is provided a high-frequency device comprising: 

[0027] a second shielding layer provided inside the multilayer 
wiring layer, below an electrically conductive pad con- 
nected to the second or third electrically conductive post, 
and connected to a fixed potential, and 

[0028] an inductor located over the high-frequency circuit layer, 
formed between the rewiring layers, and having a spirally 
wound structure, wherein 

[0029] an impedance matching circuit of the input amplifier or 

power output amplifier is composed of the inductor and a 
capacitance between the electrically conductive pad and 
the second shielding layer. 

[0030] As a modification example in the above-mentioned sec- 
ond aspect, the impedance matching circuit is composed 



of a capacitance between the first shielding layer provided 
below the second or third electrically conductive posts 
and those electrically conductive posts. Alternatively, the 
impedance matching circuit is composed of a capacitance 
between the third shielding layer, provided below the sec- 
ond or third electrically conductive posts and electrically 
conductive pads connected thereto, and those electrically 
conductive pads. 
[0031] In order to attain the aforementioned object, in accor- 
dance with the third aspect of the present invention, there 
is provided a high-frequency device module comprising a 
first high-frequency device for processing a signal of a 
first high-frequency band and a second high-frequency 
device for processing a signal of a second high-frequency 
band which is higher than the first high-frequency band, 
and 

[0032] the height of the electrically conductive posts of the sec- 
ond high-frequency device is larger than the height of the 
electrically conductive posts of the first high-frequency 
device. 

[0033] With the above-described first aspect, when a high- 
frequency circuit is formed in a chip sized package having 
electrically conductive posts with a height larger than that 



of the multilayer wiring layer of an LSI, the allowed current 
value is increased by increasing the diameter of a post for 
a power source, the parasitic capacitance and parasitic re- 
sistance between a substrate and the long electrically 
conductive post are decreased and high-frequency signal 
loss is decreased by reducing the diameter of the receiv- 
ing post corresponding to high-frequency reception sig- 
nal, and the diameter of third electrically conductive post 
on the transmission side corresponding to a high- 
frequency transmission signal is increased with respect to 
the diameter of the second electrically conductive post on 
the reception side, thereby increasing the allowed current 
value, though the post is used for high-frequency signal. 
In chip sized package, electrically conductive posts with a 
large height increase loss or cause the degradation of 
high-frequency characteristic due to degradation of the Q 
value of the inductor. The above-described configuration 
serves to resolve this problem. 
[0034] In the preferred embodiment of the first aspect, a config- 
uration is employed in which in the third electrically con- 
ductive post on the transmission side which transmit 
high-frequency-signals, but have a diameter enlarged to 
ensure a large electric current, a first shielding layer is 



formed, the parasitic capacitance of the transmission 
posts is fixed to a predetermined value, and the parasitic 
resistance of the semiconductor substrate is suppressed 
so that the high-frequency characteristic is improved. As 
a result, the degradation of high-frequency characteristic 
of the electrically conductive post on the transmission 
side is suppressed. 

[0035] In accordance with the second aspect, the impedance 

matching circuit can be composed of an inductor element 
having a spirally wound structure and formed between 
rewiring layers and a parasitic capacitance created by the 
shielding layer, and this impedance matching circuit can 
be formed with good efficiency. 

[0036] In accordance with the third aspect, the height of the 
electrically conductive post is preferably decreased as 
much as possible to reduce loss on the electrically con- 
ductive post, but in a higher frequency band, the coupling 
effect between the circuits of the high-frequency circuit 
layer and the mounting substrate has to be suppressed by 
increasing the distance therebetween. Accordingly, the 
electrically conductive post of the high-frequency device 
for a higher frequency band are made higher, and the 
electrically conductive post of the high-frequency device 



for a lower frequency band are made lower. In a low- 
frequency band, the aforementioned coupling effect is 
weak. Therefore, loss increase is suppressed by further 
decreasing the height of the electrically conductive post. 
Brief Description of the Drawings 

[0037] FIG. 1 is a cross-sectional view of a high-frequency device 

of the present embodiment; 
[0038] FIG. 2 is a cross-sectional view in which part X shown in 

FIG. 1 was enlarged; 
[0039] FIG. 3 illustrates the relation between a high-frequency 

circuit and electrically conductive posts in the present 

embodiment; 

[0040] FIG. 4 is a plan view of the mounting surface side of the 

semiconductor device of the present embodiment; 
[0041] FIG. 5 illustrates a structural example of a receiving post 

and a transmitting post of the present embodiment; 
[0042] FIG. 6 illustrates a structural example of a power source 

post and a ground post of the present embodiment. 
[0043] FIG. 7 illustrates a structural example of a receiving post 

and a transmitting post; 
[0044] FIG. 8 illustrates another structural example of a receiving 

post and a transmitting post; 
[0045] FIG. 9 illustrates a circuit example of a receiving low- 



noise amplifier and a transmitting power amplifier; 

[0046] FIG. 10 is a graph illustrating the relation between the di- 
ameter of an electrically conductive post and loss; 

[0047] FIG. 11 is a graph illustrating the relation between fre- 
quency and loss for a plurality of diameters of electrically 
conductive posts; 

[0048] FIG. 12 is a graph illustrating the relation between fre- 
quency and loss obtained with and without an electrically 
conductive shielding layer for a plurality of diameters of 
electrically conductive posts; 

[0049] FIG. 13 is a graph illustrating the relation between fre- 
quency and Q value of an inductor for a plurality of diam- 
eters of electrically conductive posts; 

[0050] FIG. 14 is a structural diagram of a high-frequency device 
module of the second embodiment; and 

[0051] FIG. 15 is a cross-sectional view of high-frequency de- 
vices of two types. 
Description of the Preferred Embodiments 

[0052] Embodiments of the present invention will be described 
below with reference to the appended drawings. However, 
the scope of the present invention is not limited to those 
embodiments and covers the inventions described in the 
patent claims and equivalents thereof. 



[0053] FIG. 1 is a cross-sectional view of a high-frequency device 
of the present embodiment. At the surface of a silicon 
semiconductor substrate 10, there are formed circuit ele- 
ments such as transistors which together with a multilayer 
wiring layer 12 connecting the circuit elements constitutes 
a high-frequency circuit layer. The high-frequency circuit, 
as described hereinbelow, is composed of circuit elements 
such as transistors, an input, an output, a power source, 
ground, and the like. An electrically conductive pad 14 is 
formed as the topmost electrically conductive layer of the 
multilayer wiring layer 12 and connected to wiring (not 
shown in the figure) located inside the multilayer wiring 
layer 12. A first electrically insulating layer 16 composed 
of a polyimide and formed by a coating method is formed 
on the multilayer wiring layer 12, and a rewiring circuit 22 
connected to the electrically conductive pad 14 is formed 
thereon. The rewiring layer 22 and the electrically con- 
ductive pad 14 are connected with a via hole 18 provided 
in the first electrically insulating layer 16. 

[0054] Further, electrically conductive posts 24A-24E are formed 
on the rewiring layer 22, and solder bumps 28 are formed 
via a barrier metal layer 26 on the upper ends of the elec- 
trically conductive posts 24. Further, a sealing electrically 



insulating layer 20 composed of a resin such as a poly- 
imide is formed on the first electrically insulating layer 16 
and rewiring layer 22 so as to fill the space between the 
electrically insulating posts 24. The sealing electrically in- 
sulating layer 20 has a thickness larger than that of the 
multilayer wiring layer 12, thereby completely sealing the 
semiconductor chip surface and providing for a high 
strength of the package. Therefore, the configuration 
shown in FIG. 1 provides a package structure with a semi- 
conductor chip sealed therein, the package size being 
equal to that of the semiconductor chip. In other words, it 
is the chip sized package structure. 
[0055] FIG. 2 is an enlarged cross-sectional view of portion X 

shown in FIG. 1. Circuit elements such as transistors that 
are formed at the surface 11 of the silicon semiconductor 
substrate 10 are connected by the wiring of the multilayer 
wiring layer 12 located thereupon and constitute a high- 
frequency circuit 13. The first electrically insulating layer 
16 composed of a polyimide or the like is formed on the 
electrically conductive pads 14 composed of aluminum or 
the like that are formed on the surface of the multilayer 
wiring layer 12. Contact holes are formed at the positions 
corresponding to the electrically conductive pads 14 in 



the first electrically insulating layer 16, a seed metal layer 
22B is formed by a sputtering method or the like, and a 
comparatively thick copper plated layer 22A is formed by 
a plating process on this seed metal layer 22B. The seed 
metal layer 22 B and copper plated layer 22A constitute 
the rewiring layer 22. 

[0056] Further, a resist layer (not shown in the figure) is formed, 
an opening is formed at the position where an electrically 
conductive post is formed, and the electrically conductive 
post 24A having a prescribed height is formed by a cop- 
per plating process inside the opening. At the position of 
the electrically conductive post 24A, the rewiring layer 22 
has a cylindrical pad shape with a diameter larger than 
that of the electrically conductive post 24A. Then, a seal- 
ing electrically insulating layer 20 of a polyimide or the 
like is formed by a molding process on the first electrically 
insulating layer 16 so that the high-frequency circuit layer 
13 is sealed from the outside. Then a barrier metal layer 
26 and a solder bump 28 are formed on the upper end of 
the electrically conductive post 24A. 

[0057] In order to conduct complete sealing from the outside and 
to ensure a certain package strength, the sealing electri- 
cally insulating layer 20 is formed to have a thickness of. 



for example, 70 [xm. Therefore, the sealing electrically in- 
sulating layer 20 is formed to have a thickness larger than 
that of the multilayer wiring layer 13 or the first electri- 
cally insulating layer 16. As a result, the height of the 
electrically conductive posts 24A-24E formed by embed- 
ding in the sealing electrically insulating layer 20 is larger 
than that of the multilayer wiring layer 13. With the elec- 
trically conductive posts having such a large height, when 
a high-frequency signal is transmitted, the impedance of 
the posts themselves together with a parasitic capacitance 
between the electrically conductive posts and the silicon 
semiconductor substrate 10 or the surrounding electri- 
cally conductive substances or the parasitic resistance of 
those substances affect the high-frequency characteris- 
tics. In particular, the parasitic capacitance or parasitic re- 
sistance increase the loss of high-frequency signals 
transmitted from the eclectically conductive posts 24. 
Therefore, it is desired that the diameter of the electrically 
conductive posts for transmitting high-frequency signals 
be as small as possible and that the parasitic capacitance 
or parasitic resistance connected thereto be reduced. 
[0058] Further, because the electrically conductive posts have a 
diameter larger than that of the wiring or via hole in the 



multilayer wiring layer 12, their coupling with the high- 
frequency signal of the high-frequency circuit located in- 
side the semiconductor substrate becomes comparatively 
large. In particular, if the cost of the silicon semiconductor 
substrate 10 is desired to be reduced, then a silicon sub- 
strate with a low resistance (for example, 0.001-10 Q) has 
to be used instead of a high-resistance GaAs substrate. If 
the semiconductor substrate 10 has the low resistance, 
then the signal of the high-frequency circuit located in the 
substrate will affect the electrically conductive posts via 
the substrate. Therefore, it is desirable to provide the 
electrically conductive posts for transmitting high- 
frequency signals with a shield structure such that sup- 
presses coupling with other high-frequency circuits. 
[0059] On the other hand, when the electrically conductive post 
is used for a supply terminal of a ground power supply, it 
is desirable to decrease the impedance thereof while in- 
creasing the allowable current. Further, even if a high- 
frequency signal is transmitted, when the electrically con- 
ductive post corresponds to an output terminal of a power 
amplifier or the like, it is preferred that a high current 
supply capability be provided in addition to the improve- 
ment of high-frequency characteristic. In order to meet 



this required, it is desired that the diameter of the electri- 
cally conductive post be comparatively large. However, 
because there are problems associated with signal loss 
and coupling, a structure that resolves those problems 
has to be provided additionally or separately. 
[0060] In the example illustrated by a cross-sectional view in FIG. 
1, the diameter of the electrically conductive post 24E, 
which is one of the electrically conductive posts, is re- 
duced and this electrically conductive post 24E is used as 
a post that transmits a high-frequency signal but does not 
require such a high electric current supply capability. The 
diameter of other electrically conductive posts 24A-24D is 
larger than the above post 24E and they are used as posts 
that require a high electric current supply capability. Be- 
cause the electrically conductive posts are very high, the 
size of the diameter thereof has to be optimized depend- 
ing on which input or output terminals of a high- 
frequency circuit is connected to the post, as described 
hereinabove. 

[0061] FIG. 3 illustrates the relation between the electrically con- 
ductive post and the high-frequency circuit in the present 
embodiment. A wireless communication circuit 30 is com- 
posed of circuit elements at a semiconductor substrate 



surface and a multilayer wiring layer and has a high- 
frequency front-end unit 32 which is a high-frequency 
circuit, a base band unit 34, and a data processing unit 
(not shown in the figures) which is connected to the base 
band unit 34 for conducting a prescribed data processing. 
The high-frequency front end unit 32, for example com- 
prises a reception high-frequency circuit composed of a 
low-noise amplifier 36 (LNA) which is a preamplifier on 
the reception side, orthogonal demodulator 38, 40, 50, 
low-pass filters 42, 44, and amplifiers 46, 48, and ana- 
log-digital converters A/D, and a transmission high- 
frequency circuit composed of digital-analog converters 
D/A, amplifiers 60, 68, low-pass filters 62, 64, orthogonal 
modulator 58, 60, 52, and a power amplifier 56 (PA) 
which is an output amplifier. An oscillation signal gener- 
ated by a local oscillator 52 is supplied directly or via 90° 
phase shift circuits 50, 52 to the orthogonal demodulators 
38, 30 and orthogonal modulators 58, 60. 
[0062] A high-frequency reception signal is transmitted via an 
antenna 74 provided outside the chip size package, a 
band-pass filter 72, and an input/output switch 70 to the 
reception posts 24E and an input matching inductor 77, 
and inputted in the low-noise amplifier 36. Therefore, the 



receiving post 24E is formed to liave a comparatively 
small diameter so as to cause no loss in small-power 
high-frequency signals. Decreasing the diameter makes it 
possible to reduce a parasitic capacitance, for example, of 
the sealing resin layer 20 connected to the post 24E or a 
parasitic resistance in the semiconductor substrate con- 
nected to this parasitic capacitance and to minimize the 
loss of the high-frequency signal caused by those para- 
sitic capacitance and parasitic resistance. Furthermore, an 
electrically conductive shielding layer 76 connected to a 
fixed electric potential such as a ground potential is pro- 
vided between the receiving post 24E and the semicon- 
ductor substrate, or between the electrically conductive 
pad connected to the receiving post 24E and the semicon- 
ductor substrate. The electrically conductive shielding 
layer 76 makes it possible to reduce the parasitic capaci- 
tance to a predictable level and to suppress the effect of 
parasitic resistance created by the semiconductor sub- 
strate. Furthermore, a coupling effect with other high- 
frequency circuits of the semiconductor substrate can be 
also suppressed. 
[0063] On the other hand, the high-frequency transmission sig- 
nal which is the output of the power amplifier 56 propa- 



gates through the output matching inductor 79 and out- 
put post 24A and is transmitted via the input/output 
switch 70, bandpass filter 72, and high-frequency an- 
tenna 74. In order to transmit the high-power high- 
frequency transmission signal with the power amplifier 
56, the transmitting post 24A is formed so that the diam- 
eter thereof is larger than that of the input post 24E. In- 
creasing the diameter enlarges the cross-sectional area of 
the transmitting post, decreases the impedance thereof, 
and allows a large current to be supplied. Further, in- 
creasing the diameter of the transmitting post 24A also 
increases the parasitic capacitance or parasitic resistance 
and increases loss. In order to control this, an electrically 
conductive shielding layer 78 connected to a fixed electric 
potential such as a ground potential is provided between 
the transmitting post 24A and the semiconductor sub- 
strate, or between the electrically conductive pad con- 
nected to the transmitting post 24A and the semiconduc- 
tor substrate. The electrically conductive shielding layer 
78 makes it possible to reduce the parasitic capacitance to 
a predictable level and to suppress the effect of parasitic 
resistance created by the semiconductor substrate. Fur- 
thermore, a coupling effect with other high-frequency cir- 



cuits of the semiconductor substrate can be also sup- 
pressed. 

[0064] The low-noise amplifier 36 and power amplifier 56 are 

connected to a power source Vdd or ground GND. Accord- 
ingly, those amplifiers are connected to the power source 
post 24F and the ground post 24G. Those power source 
and ground posts are formed to have a large diameter so 
that they can supply a large electric current and can pre- 
vent the ground potential of the low-noise amplifier or 
power amplifier from floating. In other words, those posts 
24F, 24G have a diameter larger than at least the diameter 
of the receiving post 24E and, if necessary, larger than the 
diameter of the transmitting post 24A. For example, those 
posts 24F, 24G can be realized in FIG. 1, for example, by 
posts 24B, 24C, 24D that have a diameter larger than that 
of the post 24 E. 

[0065] FIG. 4 is a plan view on the mounting surface side of a 

semiconductor device in the present embodiment. Solder 
bumps are not shown in this plan view. On the mounting 
surface side, the sealing resin layer 20 is formed, and a 
plurality of electrically conductive posts are embedded in 
the sealing resin layer 20. The input posts (receiving post) 
24E and the output post (transmitting post) 24A of the 



above-described diameters are formed on tlie side of the 
low-noise amplifier (LNA) and power amplifier (PA), re- 
spectively. Furthermore, the power source post 24F and 
the ground post 24G are formed to have respective large 
diameters. Further, the spiral inductors 77, 79 connected 
to the input post 24E and output post 24A are formed by 
using the rewiring layer 22 on the first electrically insulat- 
ing layer 16 shown in FIGS. 1 and 2. 
[0066] Though it is slightly unclear in Fig. 4, the input post 24E 
and output post 24A are provided at a prescribed distance 
from the surrounding posts in order to prevent short cir- 
cuiting with the surrounding posts. As a result, the input 
posts or output posts are arranged with a low density. By 
contrast, a plurality of ground posts 24G are provided to 
improve the high-frequency characteristic (ground inten- 
sification), reduce thermal resistance, and increase the al- 
lowed electric current, and because mutual short circuit- 
ing thereof is allowed, they are arranged with a high den- 
sity. The power source posts 24F are arranged similarly to 
the ground posts. When a plurality of input posts or out- 
put posts are provided, they may be arranged with a high 
density. 

[0067] FIG. 5 illustrates a structural example of the receiving post 



and transmitting post of tlie present embodiment. Here, 
tlie upper figure is a cross-sectional view and tlie lower 
figure is a top view. The transmitting post is shown at the 
right side, and the receiving post is shown at the left side. 
As described hereinabove, the electrically conductive 
posts 24 are formed so that the diameter of the receiving 
post is less than that of the transmitting post. Further- 
more, electrically conductive shielding layers 76, 78 con- 
nected to a fixed electric potential such as ground peni- 
tential are formed between the posts 24 and the semicon- 
ductor substrate. More specifically, those electrically con- 
ductive shielding layers 76, 78 are formed from an alu- 
minum layer similarly to the electrically conductive pad 14 
located on the multilayer wiring layer 12, and preferably 
those shielding layers have a rectangular shape with a 
length, or a round shape with a diameter larger than the 
diameter of the electrically conductive posts 24 or the di- 
ameter of the post pad 22. The electrically conductive 
shielding layers 76, 78 may be formed by embedding in 
the multilayer wiring layer 12. 
[0068] Forming such electrically conductive shielding layers 76, 
78 makes it possible to form a fixed parasitic capacitance 
with the electrically conductive posts 24 transmitting a 



high-frequency signal and to obtain a predictable value of 
the parasitic capacitance connected to the electrically 
conductive posts 24. Furthermore, because the electrically 
conductive shielding layers 76, 78 are formed between the 
electrically conductive posts 24 and the semiconductor 
substrate (not shown in the figure), a parasitic resistance 
present in the semiconductor substrate is not connected 
to the electrically conductive posts 24. Thus, providing 
the electrically conductive shielding layers 76, 78 between 
the electrically conductive posts and the semiconductor 
substrate makes it possible to suppress the signal loss 
and is advantageous for both the receiving posts and the 
transmitting posts that transmit high-frequency signals. 
The shielding layer is especially effective for suppressing 
signal loss in transmitting posts in which the post diame- 
ter is increased to ensure the supply of a high electric 
current. 

[0069] However, though the presence of the electrically conduc- 
tive shielding layers makes it possible to suppress the 
parasitic resistance of the semiconductor substrate, how- 
ever, it provides the electrically conductive posts with a 
fixed parasitic capacitance. In a comparatively low fre- 
quency band, because the parasitic resistance produces a 



larger effect on signal loss than the parasitic capacitance, 
the decrease in parasitic resistance contributes to loss re- 
duction. On the other hand, in a high-frequency band, 
because the parasitic capacitance produces larger effect 
on signal loss than the parasitic resistance, providing the 
electrically conductive shielding layers sometimes be- 
comes unnecessary. 

[0070] Forming the electrically conductive shielding layers in the 
multilayer wiring layer 12 between the electrically conduc- 
tive pad 14 and the semiconductor substrate is also effec- 
tive. This is because such a formation makes it possible to 
obtain a predictable value of parasitic capacitance and to 
suppress the parasitic resistance of the substrate. This 
case will be described below in greater detail. 

[0071] FIG. 6 illustrates a structural example of a power source 
post and a ground post in the present embodiment. In 
those posts 24, the diameter is increased, the allowed 
electric current is increased, and their own impedance is 
suppressed. Because those posts do not transmit a high- 
frequency signal, no shielding layer is formed. 

[0072] FIG. 7 illustrates a structural example of a receiving post 
or a transmitting post. In the figure, FIG. 7A is a top view, 
FIG. 7B is a cross-sectional view, and FIG. 7C, FIG. 7D are 



perspective views. In this structural example, as shown by 
a top view FIG. 7A and cross-sectional view FIG. 7B, the 
electrically conductive posts 24 and the electrically con- 
ductive pad (via pad) 14 are at a prescribed distance from 
each other. The electrically conductive pad 14 has a round 
shape with a diameter larger than the diameter of the via 
hole 18 and is formed from a metal layer of the upper- 
most layer of the multilayer wiring layer 12. 
[0073] When the two posts are at a prescribed distance from each 
other, a first electrically conductive shielding layer 80 is 
formed in the same layer as the electrically conductive pad 
14 located below the electrically conductive posts 24, and 
a second electrically conductive shielding layer 82 is 
formed in the multilayer wiring layer 12 located below the 
electrically conductive pad (via pad) 14. The first electri- 
cally conductive shielding layer 80 is formed by the up- 
permost metal layer of the multilayer wiring layer 12. 
Forming the two shielding layers 80, 82 can bring the 
parasitic capacitance with the semiconductor substrate 10 
close to a predictable fixed value, to suppress the para- 
sitic resistance induced by the semiconductor substrate, 
and to suppress coupling with other high-frequency cir- 
cuits. Fixing the parasitic capacitance, as described here- 



inbelow, allows it to be used as a capacity element of an 
impedance matcliing circuit. Furthermore, suppressing the 
parasitic resistance makes it possible to suppress the 
high-frequency signal loss. 
[0074] FIG. 8 shows another structural example of the receiving 
post and transmitting post. In the figure, FIG. 8A is a top 
view, FIG. SB is a cross-sectional view, and FIG. 8G is a 
perspective view. This example is a structural example il- 
lustrating the case in which the electrically conductive 
posts 24 and electrically conductive pad (via pad) 14 over- 
lap as planes or come close to each other, as shown in a 
top view FIG. 8A and cross-sectional view FIG. SB. When 
the electrically conductive posts 24 and electrically con- 
ductive pad (via pads) 14 overlap or come close to each 
other, a shielding layer composed of a metal layer of the 
uppermost layer on the multilayer wiring layer 16 cannot 
be formed below the electrically conductive posts 24. Ac- 
cordingly, in such a configuration, a shielding layer 82 is 
formed inside the multilayer wiring layer 12. As shown in 
the top view FIG. 8A or perspective view FIG. 8C, this 
shielding layer 82 is formed so as to shield all the electri- 
cally conductive posts 24, post pads 22 thereof, and elec- 
trically conductive pads (via pads) 14 from the semicon- 



ductor substrate 10. In other words, as viewed from the 
top surface, the shielding layer has an elliptical shape in- 
cluding all the electrically conductive posts 24, post pads 
22 thereof, and electrically conductive pads (via pads) 14. 
In this configuration, an elliptical shape is shown as an 
example, but any shape can be employed, provided that 
shielding is possible. This shielding layer 82 is connected 
to a fixed potential such as a ground potential, forms a 
predetermined parasitic capacitance between the electri- 
cally conductive posts or electrically conductive pads, and 
suppresses the parasitic resistance created by the semi- 
conductor substrate 10. 

[0075] The high-frequency device in the present embodiment 
may have any of the configurations shown in FIG. 7 and 
FIG. 8, or may have both configurations. With any of the 
configurations, the degradation of characteristics (loss in- 
crease) caused by parasitic capacitance or parasitic resis- 
tance for the signal transmission path connected to the 
electrically conductive post through which a high- 
frequency signal is transmitted can be suppressed. 

[0076] FIG. 9 shows an example of circuits of a receiving low- 
noise amplifier and a transmitting power amplifier. The 
low-noise amplifier 38, as shown in FIG. 3, inputs a high- 



frequency reception signal via an antenna 74, a band- 
pass filter 72, a switch 70, the receiving post 24E, and an 
impedance matching circuit 36M. The impedance match- 
ing circuit 36M is composed, for example, of the inductor 
77, a parasitic capacitance to an electrically conductive 
shielding layer, and capacitances C3, C4 formed else- 
where. 

[0077] jhe low-noise amplifier 38 is composed, for example, of 
N-channel MOS transistors Q30, Q31 that are cascade 
connected in the longitudinal direction. Bias voltages 
Vbiasl, 2 are applied to those transistors Q30, Q31, re- 
spectively. The source of transistor Q30 is connected to 
ground GND, and the drain of transistor Q31 is connected 
to a power source Vdd via an inductor L and generates an 
output signal Fout via a coupling capacitor Cout. This out- 
put signal Fout is supplied to an orthogonal demodulator, 
as shown in FIG. 3. 

[0078] The transistor Q30 generates on the drain terminal a 

high-frequency signal amplified the high-frequency re- 
ception signal applied to the gate, and the transistor Q31 
generates on the drain terminal a high-frequency signal 
further amplified this amplified high-frequency signal. 
Thus, the two transistors that are cascade connected pro- 



vide a large amplification ratio. 

[0079] The power amplifier 56 on the transmission side has a 

circuit configuration basically identical to that of the low- 
noise amplifier 38. A high-frequency signal Fin supplied 
from the orthogonal modulator shown in FIG. 3 is ampli- 
fied by the transistors Q30, Q31, and a power amplified 
high-frequency signal is outputted via the coupling ca- 
pacitor Cout. This signal Fout is outputted to the antenna 
via the impedance matching circuit 56M. The impedance 
matching circuit 56M is composed, similarly to the low- 
noise amplifier, of an inductor 79 and capacitances CI, C2 
formed in the signal transmission path . 

[0080] FIG. 10 is a graph illustrating the relation between the di- 
ameter of electrically conductive posts and loss. A post 
diameter (pim) is plotted against the abscissa, and loss is 
plotted against the ordinate. The height of the electrically 
conductive posts is about 70 [xm, and the figure shows 
loss relating to a high-frequency signal with a frequency 
of 5 GHz. The graph clearly shows that the signal loss is 
larger when the post diameter is 200 \xm than when the 
post diameter is 100 \xm. Thus, if the frequency band is 
raised, the increase in the diameter of electrically posts 
results in a large signal loss. Therefore, because the in- 



crease in signal loss leads to degradation of noise figure 
NF, it is desired that the diameter especially of a receiving 
post be as small as possible. 
[0081] FIG. 11 is a graph illustrating the relation between fre- 
quency and loss for a plurality of diameters of electrically 
conductive posts. Frequency is plotted against the ab- 
scissa, loss is plotted against the ordinate, and the figure 
shows the relation between frequency and loss for diame- 
ters of five different electrically conductive posts (circle: 
diameter 200 \xm, square: 175 \im, triangle: 150 X: 
125 \xn\, diamond: 100 \xm). The height of the electrically 
conductive posts of the sample is 70 \xm. This graph 
clearly demonstrates that loss decreases with the post di- 
ameter as the frequency increases. Therefore, it is desired 
that the diameter of the electrically conductive post 
through which a high-frequency signal is transmitted is 
further decreased as the signal frequency band further 
rises. 

[0082] FIG. 12 shows a graph illustrating the relation between 

frequency and loss obtained when the electrically conduc- 
tive shielding layer is provided and without such a layer 
for a plurality of diameters of electrically conductive 
posts. Frequency is plotted against the abscissa, loss is 



plotted against the ordinate, and tlie figure sliows tlie re- 
lation between frequency and loss for diameters of four 
different electrically conductive posts (circle: diameter 200 
pim, no shielding layer; diamond 100 pim, no shielding 
layer; triangle: 200 \xm, shielding layer is present; X: 100 
Mm, shielding layer is present). The height of the electri- 
cally conductive posts of the sample is 70 Mm, as in the 
above-described case. 
[0083] As follows from this graph, even if the post diameter is 

the same, loss in a comparatively low frequency band be- 
comes less when a ground shielding layer is formed. 
However, as shown by an example relating to a post di- 
ameter of 200 Mm, in a comparatively high frequency 
band, when ground shielding layer is provided, the loss 
conversely increases. This is because forming the ground 
shielding layer results in the formation of a fixed parasitic 
capacitance, but suppresses the parasitic resistance of the 
semiconductor substrate. Therefore, the loss caused by 
parasitic capacitance in a high-frequency band becomes 
dominant over that in a low-frequency band and a rever- 
sal occurs in the loss. Therefore in high-frequency devices 
operating in a comparatively low frequency band, a 
ground shielding layer is preferably provided to electri- 



cally conductive posts transmitting high-frequency sig- 
nals, and in high-frequency devices operating in a com- 
paratively high frequency range, it is preferred that no 
ground shielding layer be provided. 
[0084] FIG. 13 illustrates the relation between frequency and a Q 
value of an inductor for a plurality of diameters of electri- 
cally conductive posts. In samples, an inductor formed 
from a rewiring layer is connected to the electrically con- 
ductive post. Electrically conductive post structures of 
four types are used, representing the combinations of di- 
ameters of post of two types with the presence or absence 
of a shielding layer (circle: diameter 200 \xm, no shielding 
layer; triangle: diameter 200 \im, shielding layer is 
present; diamond: diameter 100 \im, no shielding layer; X: 
diameter 100 M^n, shielding layer is present). No symbol 
represents a Q value of the inductor only. If the electrically 
conductive post is connected to the inductor, the Q value 
decreases (degrades), and the larger is the diameter of the 
electrically conductive post, the larger is this decrease. 
Furthermore, when the diameter of post is the same, in a 
comparatively low frequency band, the decrease in Q 
value is less when the shielding layer is provided, but in a 
comparatively high frequency band, the decrease in Q 



value is less when no shielding layer is provided. In other 
words, the reduction is observed which is identical to the 
reversal phenomenon illustrated by FIG. 12. 
[0085] The above-described test results suggest the following. 
(1) With respect to an electrically conductive post that 
transmits high-frequency signal and does not require the 
supply of a high electric current, loss can be suppressed 
by decreasing the diameter of the post. (2) In high- 
frequency devices operating in a comparatively low fre- 
quency band, signal loss is preferably suppressed by 
forming an electrically conductive shielding layer to a re- 
ceiving post or a transmitting post, and in high-frequency 
devices operating in a comparatively high frequency band, 
signal loss is preferably suppressed without forming the 
electrically conductive shielding layer. (3) Further, with re- 
spect to an electrically conductive post connected to an 
inductor, in high-frequency devices operating in a com- 
paratively low frequency band, the degradation of Q value 
is preferably suppressed by forming an electrically con- 
ductive shielding layer, and in high-frequency devices op- 
erating in a comparatively high frequency band, the 
degradation of Q value is preferably suppressed without 
forming the electrically conductive shielding layer. 



[0086] FIG. 14 shows the configuration of a high-frequency de- 
vice module of the second embodiment. In this high- 
frequency device module 100, a high-frequency device 
102 for processing signals in a higher frequency band and 
a high-frequency device 104 for processing signals in a 
lower frequency band than the device 102 are mounted on 
a common module substrate. The respective high- 
frequency device 104 is a high-frequency device of a chip 
sized package shown in FIGS. 1 to 9. This module 100 is, 
for example, a wireless LAN card capable of processing 
both the low-frequency band and the high-frequency 
band, or a multimode wireless device capable of operating 
in a plurality of frequency bands. 

[0087] FIG. 15 is a cross-sectional view of the high-frequency 
devices of the two types. FIG. 15A is a cross-sectional 
view of the device 102 operating in a high-frequency 
band, and FIG. 15B is a cross-sectional view of the device 
104 operating in a low-frequency band. As shown in the 
figures, in those devices 102, 104, electrically conductive 
posts 24 are formed inside a sealing resin layer 20, but in 
order to suppress coupling of the high-frequency circuit 
of the semiconductor substrate 10 with the high- 
frequency circuit of the mounting substrate, the height HI 



of the electrically conductive posts 24 in the device oper- 
ating in a high-frequency band is further increased, 
whereas the height H2 of the electrically conductive posts 
24 in the device operating in the low-frequency band is 
further decreased. Because a small height of electrically 
conductive posts makes it possible to suppress the degra- 
dation of signal loss, it is preferred that the height be as 
small as possible. However, because strong coupling acts 
in a higher frequency region, it is preferred higher electri- 
cally conductive posts be formed for this region. 
[0088] Further, in the device 102 operating in a high-frequency 
band, no ground shielding layer is provided below even 
the electrically conductive posts 24 transmitting a high- 
frequency signal. On the other hand, in the device 104 
operating in a low-frequency band, ground shielding lay- 
ers 76, 78 are provided under the electrically conductive 
posts 24 transmitting a high-frequency signal. 



